The near-horizon geometry of parallel NS5-branes is described by an exact superconformal 2d field theory based on
Introduction
The study of string propagation in non-trivial gravitational backgrounds can provide a better understanding of quantum gravitational phenomena. Non-trivial classical string backgrounds can be obtained by two different methods. The first makes use of a twodimensional σ-model where the space-time backgrounds correspond to field-dependent coupling constants. The vanishing of the corresponding β-functions is identified with the background field equations of motion in the target space [1] . The second approach consists of replacing the free space-time coordinates by non-trivial (super) conformal systems, which, in the semiclassical limit, can be interpreted as describing a string propagation in non-trivial space-time. The two methods are useful and complemen- The first subclass is characterized by two integer parameters k 1 , k 2 , which are the levels of two SU(2) group manifolds. For weakly curved backgrounds (large k A ) these solutions can be interpreted in terms of a ten-dimensional, but topologically non-trivial, target space of the form R 4 ⊗S 3 ⊗S 3 . In the special limit k 2 → ∞ one obtains the semiwormhole solution of Callan, Harvey and Strominger [6] , based on a six-dimensional flat background, combined with a four-dimensional space W (4)
The underlying superconformal field theory includes a supersymmetric SU(2) k WZW model describing the three coordinates of S 3 as well as a non-compact dimension with a background charge, describing the scale factor of the sphere. M 6 ⊗ W (4) k corresponds to the gravitational back reaction of n = k + 2 NS five-branes [6, 7, 8] .
A second subclass of solutions is based on a different realization of the N = 4 superconformal system withĉ = 4, it replaces the W (4) k space by:
A gauged supersymmetric WZW model withĉ[∆ (4) k ] = 4 for any value of k [4, 5] . The choice of the levels k and k + 4 is necessary for the existence of an N = 4 symmetry withĉ = 4. Another subclass of solutions is obtained using the T-dual [9, 10] 
with a background charge Q = 2/(k + 2) in one of the two coordinate currents (U(1) Q ). The other free coordinate (U(1) R ) is compactified on a torus with radius
Having at our disposal non-trivial N = 4,ĉ = 4 superconformal systems, we can use them as building blocks to obtain new classes of exact and stable string solutions around non-trivial backgrounds in both type-II and heterotic superstrings.
T-duals of 9-or 2x5-branes
All the above superconformal systems correspond either to Non-critical Superstrings [11, 4, 5] and/or to a Bulk 10d Superstring theory with branes [6, 7, 4, 5, 8] or to a background solution of the SU(2) × SU(2) Gauged Supergravities [12, 5] .
The Spectrum of String Excitations in the Bulk
The explicit realizations of the N = 4 algebra in terms of known conformal field theories, allows us to compute the spectrum of string excitations in any of the background solutions given in the previous Section.
The N = 4 superconformal symmetry implies the existence of space-time supersymmetry [13] in the corresponding non-trivial target spaces, and thus guarantees the stability of the theory.
In all constructions, the total number of space-time supersymmetries is reduced by a factor of 2 with respect to the flat (toroidal) compactifications. In the context of the σ-model approach, the N = 4 spectral flows are related to the number of covariantly constant spinors admitted by the corresponding non-trivial target spaces [6] .
The reduction of space-time supersymmetries by a factor of 2 in W 4 non-trivial space is due to the torsion and background charge term appearing, in the supercurrents [5] . Q 2 = 2/(k + 2)
The 
The spectrum in a five-branes background
The basic rules to construct the bulk spectrum are similar to that of, the orbifold construction [14] , the free 2-d fermionic constructions [15] , and the Gepner construction [16] . One combines in a modular invariant way the world-sheet degrees of freedom consistently with unitarity and spin-statistics of the string spectrum. The six non-compact coordinates, together with the reparametrization ghosts (b,c), provide a contribution to the (type-II) partition function:
The contribution of the M 6 world-sheet fermions together with the β and γ superreparametrization ghosts is:
The Neveu-Schwarz (NS, NS) sectors correspond to α,ᾱ = 0 and the Ramond (R,R) sectors correspond to α,ᾱ = 1.
Then, one must combine the above M 6 characters with those of W (4) k [5] : • The U(1) Q Liouville characters:
i)Continuous Representations generated by the lowest-weight operators:
with positive conformal weights
The fixed imaginary part in the momentum iQ/2 of the plane waves, is due to the non-trivial dilaton motion.
ii)Discrete Representations. They correspond to lowest-weight operators with β = Qβ real, leading to negative conformal weights The vertex operators corresponding to the discrete representations take the form ), giving rise to massless states belonging to the short representations of the N = 4 [5] . They correspond to the 5-Brane States propagating on M 6 [8] . In the massless spectrum there are either U(k + 2) or SO(k + 4) [8] . In the first case 2j integer (SU(2) k 2d WZW-model) while in the second case, j takes integer values (SO(3) k/2 2d WZW-model).
All Bulk States are massive with minimal mass m 2 min = Q 2 /4 due to the linear dilaton [17] and torsion [5, 18] . A modular invariant partition function for the BULK states (k even) is [5] :
The first factor is the contribution of the non-compact coordinates and that of the Liouville mode.
] defines appropriate character combinations of SU (2) k . Under modular transformations [5] :
α, β can be either 0 or 1.
the β andβ summations give rise to universal (left-and right-moving) GSO projections, which imply the existence of space-time supersymmetry. The summation over δ gives rise to an additional projection, which correlates the SU(2) − (left and right) spin together with the spin of SU (2) k . It reduces the number of supersymmetries by a factor of 2.
In the γ = 0 sector, the lower-lying states have (left and right) mass-squared Q 2 /8
and L = 0. It is convenient to classify the states in the context of a six-dimensional theory. The lower-lying states come from the gravitational supermultiplet of the sixdimensional N = 2 supergravity:
together with four vector multiplets:
As expected from the effective field theory point of view, their mass-squared Q 2 /8 is due to the dilaton motion for bosons, and to the non-trivial torsion for fermions.
The (γ = 1) (Twisted) sector contains states with (left and right) mass-squared always larger than (k − 2)/16 For any k > 2, the twisted states have masses larger than Q 2 /8 and the lower mass spectrum comes always from the L = 0 states contained in the untwisted sector. In that sense k = 2 is an exceptional case [5] , since the lower-lying twisted states are massless with L =L = k/2 = 1. These states form massless unitary representations (short) of the N = 4ĉ = 8.
All other short multiplets are coming from the n-NS5-Branes propagating in the six dimensional target space.
. (3.14)
Conclusions
Superstring solutions in the semiclassical limit define background solutions of the extended supergravities. This limit turns out to be very useful regarding the study of the string-induced low-energy theories, as well as the study of physics in weakly curved domains of space time. The supergravity field theory picture fails when the involved curvetures are strong. It is then necessary to go beyond the semiclassical limit and work directly on the string level, using the powerful techniques of the underlying twodimensional (super) conformal field theory.
For a generic string background the stringy approach is at present non-accessible.
It is possible to go further in the stringy direction for some special backgrounds based on the N = 4 superconformal symmetry. Some of the constructions are connected to the non-critical strings and to some stable solutions of the gauged supergravities.
The ten-dimensional "bulk" spectrum of excitations can be derived combining unitary representations of the N = 4 superconformal theory in a modular-invariant way.
In the case of W 4 k constructions, these representations are expressed in terms of the well-known SU(2) characters, while in all other constructions one uses also the characters of some compact SU(2)/U(1)) and/or non-compact SL(2, R)/U(1) parafermions [16, 19] . In the five-brane construction all bulk states are massive as soon as k is large (Massive Representation of N=4). When k = 2, there extra massless "twisted" states other than the Five-brane States (U(n) or SO(2n) vector multiplet states).
The Non-propagating brane states correspond to Liouville Discrete representations with negative conformal weight. The non abelian U(n) and SO(2n) structure of the 5-brane fields, < R(j 1 )R(j 2 )R(j 3 ) >∼ F j 1 ,j 2 ,j 3 , follows from the correlation of the SU(2) k vertex operators [8] .
